Function of serine-52 and serine-80 in the catalytic mechanism of Escherichia coli aspartate transcarbamoylase.
Carbamoyl phosphate is held in the active site of Escherichia coli aspartate transcarbamoylase by a variety of interactions with specific side chains of the enzyme. In particular, oxygens of the phosphate of carbamoyl phosphate interact with Ser-52, Thr-53 (backbone), Arg-54, Thr-55, and Arg-105 from one catalytic chain, as well as Ser-80 and Lys-84 from an adjacent chain in the same catalytic subunit. In order to define the role of Ser-52 and Ser-80 in the catalytic mechanism, two mutant versions of the enzyme were created with Ser-52 or Ser-80 replaced by alanine. The Ser-52----Ala holoenzyme exhibits a 670-fold reduction in maximal observed specific activity, and a loss of both aspartate and carbamoyl phosphate cooperativity. This mutation also causes 23-fold and 5.6-fold increases in the carbamoyl phosphate and aspartate concentrations required for half the maximal observed specific activity, respectively. Circular dichroism spectroscopy indicates that saturating carbamoyl phosphate does not induce the same conformational change in the Ser-52----Ala holoenzyme as it does for the wild-type holoenzyme. The kinetic properties of the Ser-52----Ala catalytic subunit are altered to a lesser extent than the mutant holoenzyme. The maximal observed specific activity is reduced by 89-fold, and the carbamoyl phosphate concentration at half the maximal observed velocity increases by 53-fold while the aspartate concentration at half the maximal observed velocity increases 6-fold.(ABSTRACT TRUNCATED AT 250 WORDS)